A new tool, HPLC Studio, was developed for the comparison of high-performance liquid chromatography (HPLC) chromatograms from microbial extracts. The new utility makes it possible to create a virtual chromatogram by mixing up to 20 individual chromatograms. The virtual chromatogram is the first step in establishing a ranking of the microbial fermentation conditions based on either the area or diversity of HPLC peaks. The utility was used to maximize the diversity of secondary metabolites tested from a microorganism and therefore increase the chances of finding new lead compounds in a drug discovery program. (Journal of Biomolecular Screening 2003:305-315) Set condition area Sample identification. When a new batch is processed by the HP ChemStation, a "Set.b" file is generated and placed in a storage folder. This file contains information concerning the HP commercial software, but it is also possible to capture data about the name and identification of each injected vial, including the path in the lo-cal hard drive where final results are located. Each injected vial by the ChemStation produces a folder ID name (Fig. 3B ) generated in a sequential order that contains all possible data and reports selected by the user-selected options.
INTRODUCTION
O NE OF THE CRITICAL ISSUES in drug discovery screening is improving the quality of test samples. In natural products, fermentation samples can be improved by preselecting strains fermented in most productive media by chemical dereplication of secondary metabolite compounds. [1] [2] [3] [4] [5] [6] [7] Theoretically, increasing the number and quantity of different chemical compounds tested in different targets should increase the chances of finding new leads for therapeutic agents.
Microbial fermentation conditions can be affected by different parameters, with one of the most important being the nutritional composition of the fermentation medium. By varying the nutrient composition, microbial metabolism can be influenced to produce qualitatively and quantitatively different chemical compounds. Physical parameters (e.g., incubation time, temperature, light conditions, and aeration) may also affect microorganism growth.
Therefore, productive or metabolite-rich samples can be defined in terms of the inherent genetic capacity of the microbe to produce secondary metabolites, the microbe's response to the fermentation, and the efficacy of different extraction techniques.
Therefore, the question that confronts a microbial screening program is how to select the most productive extracts, defined by the number of compounds and their relative abundance, from among a large number of possible fermentation and extraction combinations.
High-performance liquid chromatography (HPLC) reversephase chromatography in gradient mode is a technique widely used to evaluate compound diversity in organic extracts of microbial fermentations. 8 We therefore set out to develop an HPLC analysis program that would compare and rank the chemical complexity and productivity of microbial extracts and, based on that ranking, select combinations most likely to yield actives in our assay systems. Ideally, the metabolic diversity obtained from each strain is optimized while minimizing the number of growth conditions. The selection process represents a significant increase in the quality of the extracts prepared for a natural products library.
HPLC Studio is a software utility developed to automatically analyze related chromatograms. Before developing this tool, this data analysis and treatments associated with chromatograms were done through visual comparisons by selecting chromatograms that included the widest diversity of peaks. HPLC Studio allows ranking all of the analyzed extracts with respect to their diversity of metabolites. 9
MATERIALS and METHODS
HPLC Studio was developed using the following software tools:
Visual Basic 6.0 (Microsoft Corp.), under the Windows NT 4.0 operative system, was the main programming language and software design tool. HPLC 1100-DAD HP ChemStation (Software Rev. A.06.03), manufactured by Agilent Technologies, was the equipment and software used for obtaining the high-resolution chromatogram data and images that were used by the HPLC Studio program. An internal database (IDB), developed in-house under the ORACLE system, was the database through which data associated with the CIBE microorganism collection were stored. MappingDrives Dynamic Library Link (dll) was used to map the drives where HP ChemStation stored the data during the runtime application. Microsoft Access 97 (Microsoft Corp.) was used as the database for storing the runtime data generated by the program. ImageXpress v. 4.0 Control (Pegasus Software) was used to visualize the graphic trace from the original chromatograms generated by the HP ChemStation. SigmaPlot 5.0 Type Library (SPSS, Inc.) was the interface used to build the different graphics features for representing the application chromatogram results. GMS Slider ActiveX Control (Global Magic Software, Inc.) is a graphic software component that was used to facilitate ranges of selection. DataWindget 3.1 (Sheridan Software Systems) was used to display and manage the different tables created by the main program.
The use of the above-mentioned tools by HPLC Studio was divided into 3 main areas: input, Visual Basic, and output ( Fig. 1 ).
Input area. HPLC Studio captures 2 different types of external data:
1. Specific results referring to chromatograms: Within HP commercial software, HPLC Studio users can easily customize the reports generated by the ChemStation, which will be used later by the HPLC Studio application. The reports consisted of 2 commaseparated values (CSV) files, whereby data recorded at 210-nm and 280-nm wavelengths were included (Fig. 1A) , and a chromatogram in the Windows meta file (WMF) format. 2. Data about the study's microorganisms: CIBE IDB provides information concerning the sources (substrates and geography), fermentation and extraction conditions, and/or preparation methods ( Fig. 1B) . HPLC Studio easily accesses this information using the object database connection (ODBC) drivers also provided by ORACLE Corp. When data from HP ChemStation are not located locally, users can establish directly the necessary network connections to capture these initial data using the MappingDrives utility also integrated in the HPLC Studio software (Fig. 1C ). This tool allows a connection with the required drive during the runtime execution by simply introducing the network path, username, and password.
Visual Basic area. This platform generates an easy and comfortable graphic user interface (GUI) for scientists and technicians. Under the Visual Basic frame, other software pieces are integrated to achieve different functions:
1. Data grid, from DataWindget 3.1 package, was the tool used to visualize data generated during the calculation process and also about the source samples (IDB) (Fig. 1D ). The dynamic grids are also directly connected with the Microsoft Access databases (see the output area), allowing automatic updates in both directions. 2. The ImageXPress component is a useful tool for image treatment.
HPLC used it for visualizing and printing the original traces from the chromatograms generated by the HP ChemStation ( Fig. 1E and Fig. 5 ).1 0 3. SigmaPlot 5.0: Using histogram graphics generated by SigmaPlot was the most accurate way to reproduce the HPLC chromato-grams ( Fig. 1F ). This software tool was used as object linking and embedding (OLE) in the Visual Basic platform, allowing an automated connection between these graphics and data stored in the previously mentioned data grid. 4. The GMS Slider component facilitated the selection of the time range for performing the calculations. HPLC Studio used this component in a customized appearance (as a histogram graph), helping the user to immediately recognize the object function without other additional information ( Fig. 1G ).
Output area. The Microsoft Access database ("HPLC.mdb"), configured with 25 tables, 6 queries, and 2 reports, was the database used to store the result data coming from HPLC Studio processes and also to generate and print the final results ( Fig. 1H ).
RESULTS AND DISCUSSIONS
The operations carried out by HPLC Studio were divided into 4 different areas ( Fig. 2 ):
1. creation of data from the HP ChemStation; 2. set initial conditions area, including the sample identification and selection of the sample subset being processed;
3. calculation area, where the main mathematical algorithms and MS Access databases were generated; and 4. results area, which included the output of the application, the files to export, and the printed reports.
HP ChemStation data
The HP ChemStation detector system is a diode-array detector tracing at UV wavelengths of 210 nm (mostly related with natural products) and 280 nm (to detect possible phenolic compounds). 11 HPLC has the capability of processing more than a hundred different samples in a single batch. HP vials are bar coded by querying the IDB to reduce manipulation errors. A scanner is used to read the identification (ID) for each vial in the sequence; these IDs are referred to an IDB number that identifies the microorganism, fermentation media, and extraction procedure. Furthermore, due to the presence of detectable chemical compounds from the inocu-lated media, each sequence of vials includes the blanks with unfermented media for further data subtraction treatment.
The HP ChemStation can be set up for generating 3 different file reports per sample and a batch file for each set of analyses. The original trace or each HPLC run is stored in WMF format ("Report00"). The final result of the HPLC analysis is stored in 2 CSV tables ("Report_01" and "Report_02") that corresponds to the 210-nm and 280-nm detector signals, respectively ( Fig. 3B ). Five characteristics for each resolved peak are summarized in these tables-sequential order, retention time, peak area, peak height, and area percentage (which refers to the total of a single chromatogram)-but only the first 3 fields are used in further calculations. An additional file, called "Set.b," created by the HP commercial software, is also used by HPLC Studio to obtain the information related to the injection sequence processed by the ChemStation (Fig. 3A) . 6 lecting the "Set.b" file. This first form allows users to browse the local drive to find the desired file, as well as map a new network drive using MappingDrives dll (see Material and Methods section). When the user chooses the "Set.b" file, the program initiates an algorithm to translate the encrypted data from the "Set.b" file into the next items: 1) number of injections from the selected batch, 2) sample type (microbial extracts, unfermented media, and methanol blank samples for chromatographic control), and 3) the folder ID where the results are placed in the local or network drive.
To recognize if the samples included in the batch originated from the IDB, a special 3-digit number code is added at the beginning and end of the sample identification (###-sample ID-###). The code permits the program to distinguish which injections were previously registered in the IDB and allows retrieval of information about fermentation media, extraction solvent, and any other available information. Once data have been retrieved, the samples from the batch are separated into 2 different list boxes: 1) "Select Extract ID" with the samples and their characteristics (medium, incubation time, and preparation method) stored in the IDB and 2) "Not Identified IDs" with the unidentified extracts, unfermented media, and column control methanol samples ( Fig. 4A ). Therefore, HPLC Studio can be used with whatever kind of samples are injected into the HP ChemStation, including standards and unfermented media, and can compare them with historical data.
Selection of samples to be processed. Users can select a subset of up to 20 samples from any of the 2 list boxes mentioned above. Samples selected for routine analysis in our lab usually include all the different fermentation conditions for growing microorganisms, but the software allows any other possible comparisons. In the "selected IDs" list box (Fig. 4A ), the assigned default order could be modified by simply clicking an arrow button created for that purpose. This order is used by the program to assign a sequential letter (from A to T) to each ID, which will be used in further processes.
Visualizing original traces. By simply clicking on the "Traces" button, a new form is displayed showing the original HPLC traces created by the HP ChemStation (Fig. 5) , which corresponds to the analyzed samples and their unfermented media. This utility makes it possible to compare both chromatograms in the same frame and scale as a previous visual mode to identify the HPLC peaks that appear in both fermented and unfermented media and can be re-moved in subsequent steps of the process. To improve the quality of the trace images and to allow users to modify the appearance of these graphic representations for printing, an ImageXPress object is included in this form (see Materials and Method section). By simply clicking on different buttons, the image color, brightness, borders, and so forth can be modified. Also, the negative, embossed, and flipped image of each trace selected can be obtained. These additional tools allow comparisons between the traces to be performed.
Set parameters. Once the extracts are selected and identified for comparison, the different processing parameters need to be set. Parameters can be set in 3 different ways: 1) directly changing these parameters in the parameter selection frame into the "Initial Parameters" form ( Fig. 3A) , 2) loading a customized ".ini" file previously saved with the user-determined parameters and updating these values in the current session (Fig. 4B) , and 3) editing the HPLC Studio ".ini" file with the default parameters, changing them, and updating the values to the current session.
The process parameters affecting the comparison are as follows:
1. Retention time resolution (RTR), the shortest time interval in which 2 peaks are considered to be equal. Thus, if the subtraction between the retention times of 2 peaks from different chromatograms is shorter than the RTR, these peaks are considered the same peak. 2. Time interval. This is the range where the calculation will be performed. Peaks not included in the range are not considered. The range is established simply by introducing the upper and lower values in the respective text boxes or by using a timing scale slider (GMS Slider, Fig. 1G ). Establishing a time range gives users the option of removing the initial peaks generated by the sample solvents and the final peak observed due to the fluctuations of the mobile phase generated by the "return to start position" of the pump during the gradient HPLC analysis.5 3. Cutoff points. Peaks with an area less than a given value can be removed from the original chromatogram by establishing thresholds. Small or insignificant peaks can be discarded, reducing the original chromatogram information that is considered for prioritization in subsequent calculations. Users choose a combination of 2 possible thresholds cutoffs: 1 based on the absolute area values and another based on the percentage of the total area for each individual chromatogram.
When users edit the HPLC Studio ".ini" file or load a customized file, other parameter options are displayed as follows ( Fig. 4B ):
1. Connecting databases. The HPLC Studio program was originally designed as a tool to be used only with our IDB; for this reason, the software connects with the IDB automatically at the beginning of the process. In successive upgrades, HPLC Studio also has included the option of establishing another database connection or working without any connection (that option can be chosen by clicking on the "No CTS version" button). 2. Highest retention time resolution and cutoff point limits. These parameters allow users to establish the limits of RTR and cutoff point parameters referred to above. Any values out of these limits display an error message during the data process.
Identity assignment (Fig. 6 ). After the user selects the IDs to be compared, the program checks whether these IDs require any additional data to continue the process, which is done simply by clicking the "OK" or "Continue" button. Thus, if users select the IDB version option, the program checks for the IDs that have been registered in the IDB or if the chromatograms were from unfermented media or methanol blank samples. If this information is not found, the program displays a form called "Identity Assignment," and users can assign these fields to a blank media and/or a solvent extract. The field can also be left empty (No Medium); in this case, the software will not remove peaks from unfermented media.
Calculation area (Fig. 2C) Access database architecture. HPLC Studio uses an MS Access database file called "HPLC.mdb" for storing data at the beginning and during the runtime process. The database is structured in tables as follows:
1. "HPLC1" to HPLC20": 20 single tables in which 210-nm wavelength signal data from each original chromatogram are stored; 2. "HPLC280," in which 280-nm signal data are stored (the records of this table are added and deleted for each sample); 3. "HPLCMedia," in which data from unfermented media chromatograms are stored; 4. "HPLCFinal," containing all data from the chromatogram template (see below); 5. "HPLCFinalPartial," a temporal table with the same structure as "HPLCFinal," which is used to increase the speed of the prioritization calculations; and 6. "HPLCResult," in which the final prioritization data are stored.
This table is displayed and/or printed at the end of the program execution.
Creation of chromatogram template. The main goal of HPLC Studio is the construction of the chromatogram template (CT), a virtual chromatogram created by the combination of the peaks accumulated from the original chromatograms ( Fig. 7) . Once the initial parameters and selected IDs have been established, the first step to build the CT is to capture the data (210-nm and 280-nm signals) from the original chromatograms (number of peaks, area, and retention time). These data were previously filtered according to user-set cutoff points and interval limits. In the next step, the filtered chromatograms are displayed in a list box at the left of the "growth per media" tab in the "HPLC Result" form ( Fig. 8) and sorted according to the percentage that their area represents with respect to the total area of all the chromatograms included in the calculation. If all peaks from an ID have been removed (following the cutoff points criteria), these IDs will appear in the list box called "Chromatograms Removed by Selection Parameters," in the upper right part of the form. This form also offers users the possibility of removing other chromatograms and establishing another customized sorting.
The CT is created sequentially, starting with the first 2 chromatograms from the list, using the first chromatogram as a template to compare with the second one. When the retention time of a peak from the second ID differs from any of the first ID (according to the RTR), this peak is added to the template as a new one. Conversely, if the retention times of both peaks are not significantly different, the second one is removed, with its retention time and area stored at the corresponding peak in the CT. The rest of the chromatograms are processed following the same pattern to create a complete template with all the IDs. The peak parameters that are present in multiple times are recalculated. The retention time assigned is the average of the individual chromatograms, and the area is the highest of any individual chromatogram. Additional information about each peak of the CT is stored in "HPLCFinal" table of the "HPLC.mdb" database: 1) sequence by order with the letter sequence in which the peaks of original chromatograms are included in the CT and 2) sequence by area with the same letter sequence but sorted by area (Table 1) .
Media prioritization. HPLC Studio is currently being used to perform the prioritization of fermentation media conditions for microorganisms. Prioritization can use 2 parameters: diversity and quantity.
Quantity refers to the amount of detectable material in a given extract. This parameter was already set up in previous steps of the process, in which a ranking according to the percentage of total area covered by each individual chromatogram was established (Fig. 8) .
The diversity parameter refers to the number of different peaks in a given extract. The diversity characterization starts by selecting the ID chromatogram with the highest number of peaks. Its number of peaks relative to the number of peaks of the CT indicates its diversity as a percentage. Next, those peaks present in the first ID are virtually removed from the CT and from the rest of the remaining IDs. The remaining peaks are counted for each of the rest of the IDs to establish a new ranking for the next calculation. Then, the ID chromatogram covering most of the remaining peaks is assigned as the next one in the selection, and its diversity value, as a percentage, is determined as the number of previously unassigned peaks with respect to the whole CT. This process of counting the still unassigned peaks, ranking, and selecting the ID covering most of the CT is repeated until all the peaks of the CT have been covered by at least 1 individual chromatogram.
The final order of prioritization is determined by the user selection. This means that user-defined requirements determine the relative contributions of quantity and diversity factors by selecting a percentage from 0% to 100%. This selection can be done in the "final result" tab of the "HPLC Result" form ( Fig. 9C ) or by previously setting the custom ".ini" files. At the end of the process, each ID obtains a ranking from the combination of both values.
Results (Fig. 2D)
Upon conclusion of the ID prioritization, the "final result" tab of the "HPLC Result" form is displayed. This tab object is the summary of the whole process and displays the following items: 1) a data grid with the final prioritization of the fermentation conditions (Fig. 9A) ; 2) the SigmaPlot graphic of the CT, allowing users to modify its appearance (Fig. 9B) ; and 3) the HPLC Studio settings, which give the option of modifying the initial parameters and rerunning the process if necessary, without returning to previous forms (Fig. 9C ). The 2 prioritization factors (quantity and diversity) can also be modified on this tab, reprocessing data and displaying the new results, just by clicking the "Calculate" button. Finally, HPLC Studio can print a report of the CT (graph and Table 1 ) and another one with the prioritization table. This last report includes fields with the accumulated data quantity and diversity, which is very useful for selecting the minimum number of fermentation conditions without losing quantity and/or diversity.
A new set of ORACLE tables is being evaluated as a stronger and safer database; these tables would allow the storage of all the data generated by the user over a longer timeline, so historical comparisons can be made.
The following example presents and explains the application with a real experiment; Figures 4, 5, 8 , and 9 contain data for this example.
Practical example
Microbial secondary metabolite production is strongly influenced by nutritional factors and growth conditions. A common strategy, widely applied in industrial isolation programs, consists of applying several growth conditions to each strain studied, including variables such as production media, incubation time, and other factors. 12 Considering that each isolation program has a finite number of large fermentations that can be prepared, applying very different growth conditions may be critical for ensuring the diver-sity of secondary metabolites isolated from a single strain, but its excessive use can waste valuable fermentation slots. As a compromise, a limited number of conditions (usually between 3 and 5) are applied to each strain. 13, 14 As an application of the software, we prepared 10 small fermentations of a strain of the genus Actinoplanes and used the HPLC Studio software to automatically evaluate the best set of fermentation conditions for obtaining the maximum number of secondary metabolites and production weights.
Small-volume fermentations (10 mL) were extracted by liquid/ liquid partition with methyl-ethyl-ketone (14 mL), with stirring at room temperature for 1 h. Half of the extract was used to avoid interface interference. Once dried under nitrogen atmosphere, the residue was dissolved in HPLC-grade methanol (7×) and filtered at a 0.2-µm pore size. Diode-array HPLC gradient characterization was performed with a ZORBAX Rx-C8 4.6-mm × 250-mm column at 210 nm of UV detection. A 10% to 100% gradient of acetonitrile in water with a flow rate of 0.9 to 1.2 mL/min was programmed in the 1100 HP Agilent ChemStation, using a constant temperature of 20°C during the 22 min of each analysis. Samples were buffered with trifluoracetic acid (0.01% TFA). HPLC 1100-DAD HP ChemStation equipment (Software Rev. A.06.03), including columns, vials, and filters, was purchased from Agilent Technologies, Inc.
The HPLC-guided system described here dramatically increased the total chemical diversity (DI) when compared with a random selection, going from a mean of 32% to 85%. The media selected as most different for this strain were GOT, MPG, and FR23-media with very different compositions that allowed us to isolate high quantities of very different compounds from the strain. The production was maximized in terms of quantity and diversity of secondary metabolites, reducing the time needed for the improvement of the fermentation media and achieving results in a fully automated and computer-guided manner.
CONCLUSION
HPLC Studio, a software tool for chromatogram comparison, has completely automated the media prioritization process that was previously done by visual comparison of the HPLC chromatograms. This tool improved the selection of fermentation media for individual microbial strains. In a comparative study with actinomycete strains, this method demonstrated its advantages with respect to the traditional random assignment of media. An increase of 53% in diversity of compounds was obtained when the selection of media was done by using HPLC analysis compared to random selection. 6 Presently, HPLC Studio works with a 210-nm wavelength detection system, but in the near future, we plan to complement it with mass spectrometry data.
